are establishing pilot programs involving small groups of students, the University of Massachusetts Medical School is one of the first to fully integrate their BEST program into their entire graduate program. As early as the recruiting stage, and then again in the first week of graduate school, students are introduced to a number of careers in the life sciences, ranging from work in pharmaceutical companies, to science publishing, and of course including academic research. Then, as part of their standard lab rotations and course work, the students take a 'co-curriculum' in which they learn broadly applicable skills, such as how to give a clear, compelling presentation, or how to write competently, for example, in the context of applying for a fellowship. And taking a page from the human resources department in the corporate world, there is even guidance on workplace dynamics, in which students learn about different personality types and how to work as part of a team. Importantly, all of these lessons are carefully timed to coincide with a real-life situation that utilizes these skills, such as a qualifying exam.
Again following on the corporate model, the students at UMMS are also required to devise an individual development plan, or IDP, after their qualifying exam. This tool, together with a minicourse on career paths that includes visits on campus by professionals in various fields, helps students further focus their interests on a specific career and creates a step-by-step map to help them land their dream job. In 2015, the UMMS BEST program will also be adding a 'learning community' element. After their qualifying exams, students will join a group led by a 'career mentor' in their area of interest.
While the UMMS BEST program is only a year old there are signs that it may be having a positive impact. Cynthia Fuhrmann, Assistant Dean of Career and Professional Development at UMMS says, "Our survey data suggest that students who took the mini-course were more likely to have taken specific action to advance their career, such as searching for scientists who could be good professional contacts. Students who took the course were also more likely to know where to go for information to support their career development and reported that such resources are easy to access." Fuhrmann added, "Interestingly, several students were skeptical of the course at first. Thirdyear students tend to feel that career planning is not a priority so early in training, and students wanting to pursue academic careers feared the course would be too focused on what they used to call 'alternative careers'. But at the end of the course, 90% of students reported that they were glad they had participated. Students appreciated that the course pushed them to start thinking about their long-term career."
Looking forward
At least in the US, what it means to have a biology degree is still enigmatic. With Vision and Change and the five core subjects, however, biology departments have a clear template to work with moving forward that should help develop a nationwide standard. And in the coming years, with the new assessment tools, they will be able to judge to what degree their students have mastered the core subjects and make necessary changes with the help of PULSE.
Less clear is how a move to active learning will be implemented. The data that active learning is effective are in hand and yet a culture that is resistant to change persists. Part of the problem may be a university culture that favors research over teaching, presumably because of the prestige associated with advances in biomedicine, but also because of the research dollars attracted to the campus. One solution that seems to have emerged is to find a way to attach value to teaching activities by professors during hiring and promotion. Unfortunately, as can be seen by the lower wages made by primary school teachers in the US compared with the rest of the developed world, teachers in general are undervalued. If this culture can be somehow be changed, however, we have tools in hand to better educate students and instill a passion for biology. And through programs like BEST, we may have a fresh crop of PhDs with the skills in hand to teach them. Understanding vision is one of the central goals of neuroscience. Over the past two or three decades, there has been an explosion of research into the mechanisms of human and primate vision. Computational modelling has been of critical importance in making sense of the data, allowing researchers to draw generalisable conclusions and relate experimental findings to wider principles of information processing. Li Zhaoping's new book, Understanding Vision, offers a detailed and comprehensive introduction to this computational approach to vision research. It will be a valuable guide to anyone who wants to learn about the cortex as a mechanism designed to process information efficiently. It provides a wealth of examples from human and animal experiments to illustrate the computational principles. But this book is not for the mathematically faint-hearted. To appreciate it, you will need to take in at least some of the equations. Nowadays, a remarkable number of researchers in neuroscience have a background in physics, maths or engineering and, for them, this book is an ideal bridge to the world of biological information processing.
The central claim is that vision is composed of three stages: encoding, selection and decoding. Zhaoping illustrates all of these using examples from the primary visual cortex, V1, which is the first area of cortex that receives visual input and also the area that Zhaoping has studied most intensively in her research. Not everyone would agree that vision is best described as encoding, selection
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and decoding and many would choose not to emphasise V1 as much as Zhaoping does. Nevertheless, this book is a tour de force of much of the computational literature on visual processing. It will prove to be a very valuable resource for anyone with a numerate background who wants to learn about sensory neuroscience and anyone who appreciates a consistent mathematical framework applied to a wide range of topics in cortical visual processing.
Of the three stages -encoding, selection and decoding -the first is the least contentious. Here, Zhaoping does an excellent job of bringing out the computational principles that underlie efficient coding, demonstrating how these are achieved in the early stages of visual processing. The figures are clear and well-crafted; they help the reader to get an intuitive understanding of the processing defined in the equations. For example, a figure might consist of several equations in the first column, an illustration of each in the second column, using a scatter plot to show how variables in the equations relate to one another, and a final column of images showing the effect of the operations defined by each equation. There is an impressive coverage of topics in this first section, including efficient sampling, efficient encoding, reduction of redundancy, adaptation to the statistical properties of the input and multi-scale image analysis. These are general problems of image encoding and they apply as much in machine vision as in biology.
One issue about encoding that is raised but not fully answered concerns the relative inefficiency of V1 processing compared to the extraordinarily efficient spatiotemporal encoding of signals by the retina. The tight informational bottleneck of the optic nerve, which could not increase in size without restricting the movement of the eyeball, imposes a severe practical constraint. By the time visual signals reach the cortex, principles other than coding efficiency -at least defined in this strict sense -must take precedence.
The second stage, selection, is an area in which Zhaoping has worked extensively and this monographlike chapter takes up more than a third of the book. It lays out her hypothesis that V1 provides a bottomup 'saliency map' whose function is to alert higher areas to parts of the image that merit further attention. There are a series of psychophysical experiments on the detectability of targets in fields of distractors and a model of the connections in V1 that would explain why some targets and not others are easy to spot. A possible criticism is that there is only a limited discussion of rival models of bottomup saliency and the chapter is very focused on V1. Maps encoding the salience or behavioural significance of visual targets exist in many other areas, including pulvinar, superior colliculus, frontal-eye fields and lateral intraparietal area (LIP), and a broader discussion of visual selection, including processing in these areas, might have been helpful. Nevertheless, Zhaoping makes a clear and thorough case for one particular model.
The third stage, decoding, is more problematic. Zhaoping takes the reader through standard techniques for choosing between pre-defined interpretations of an image, such as Bayesian inference and maximum likelihood discrimination. She also emphasises that the decoding should be task-specific. For example, confronted by the same scene, different image parameters may be more or less relevant in different circumstances -motion flow is likely to be critical if the person is being chased by a dog, subtle colour distinctions are more important if they are picking fruit. The difficulty comes when Zhaoping attempts to tie these processes down to particular parts of the cortex. While the algorithms discussed are detailed and pertinent, the proposed neural mechanisms are sketchy at best. The book ends by suggesting that additional layers in a network (simple cells, complex cells, 'object units', etc.) can carry out the operations necessary for decoding, but this leaves the distinction between encoding and decoding rather ambiguous, at least at a neural level. For example, Zhaoping discusses the decoding of photoreceptor responses to light of different wavelengths. It is not clear how the next layer of V1 might carry out this decoding and how the neural operations would be different from the encoding that V1 is also engaged in. Picking out relevant parameters from an image, or set of images, to control the current action or determine the next one is clearly a critical aspect (possibly the critical aspect) of visually guided behaviour but it seems unlikely that stacking layer upon layer of retinotopically organised networks will perform this function. At any rate, the book does not explain how this could work.
Understanding vision is hard. We walk around, moving our head and eyes freely and yet our perception of the world remains stable; effortlessly, we pick out the relevant visual information we need to guide our actions. None of that can be understood by considering just the output of V1 or, indeed, of any retinotopically organised visual area since these outputs change dramatically every time we make a saccade. Understanding vision requires a thorough grasp of the tasks that animals are engaged in and the type of representations they store. Many sensory modalities must contribute to these representations and they must enable the animal to move smoothly from one component of a complex sequence of actions to the next. However much we discover about the details of V1 and similar visual areas, it is unlikely to help us find a solution to these puzzling problems.
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